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PLATELET CONCENTRATION SYRINGE KIT 

Field of the Invention 

This invention relates to processing whole blood into fractions and, more particularly, 
5 to improvements in blood processing systems for separating platelet-rich plasma from 
autologous blood. 
Background of the Invention 

The science and effectiveness of using platelet-rich plasma derived from the patient's 
own blood in surgery are documented in medical, trade, and science journals. A known 

10 method for the preparation of platelets from whole blood is described in the American 
Association of Blood Bank's Technical Manual, 12th Edition, 1996, at pages 700-701, 
Method 9. 1 1 . A system employing this method collects the patient's whole blood into a 
collection unit with two integrally attached transfer containers. The blood is collected into 
the collecting container, the other two transfer containers are collapsed, and the two transfer 

15 containers with the collecting container are subjected to a Asoft spin@ in a centrifuge, which 
brings the plasma to the top of the collecting unit, leaving red cells at the bottom. In the next 
stepi the collecting container containing the blood fractions are squeezed in a plasma 
extractor to force the platelet-rich plasma into one of the transfer containers through a 
connecting tube. A fraction comprising red cells remains behind in the collecting container, 

20 which is then removed. Next, the two transfer containers, the first being empty and the 

second containing the plasma, are subjected to a Aheavy spin@ in a centrifuge to concentrate 
platelets at the Abottom@ of the second transfer container, leaving a platelet-poor fraction of 
the plasma (PPP) above the platelet concentrate (PC) in the second transfer container. The 
following step squeezes the second transfer container to express the PPP into the first 

25 transfer container. The platelet concentrate (PC) is then re-suspended and collected for use. 
This system uses a process requiring six separate steps, including two centrifugal steps and 
two separation steps. The terms Alight spin@ and Aheavy spin@ are defined in Table 10.5- 
1 at page 716 of the AABB Technical Manual. 

An alternative method of separating blood fractions is discussed in U.S. Patent No. 

30 5,102,407 and referred to as the AAmsterdam@ method. Instead of two spins, soft then 
hard, as discussed above, a single hard spin is used in which three fractions are separated, 
that is, a relatively platelet-free plasma, red blood cells, and an intermediate Abuffy coat@ 
layer which contains platelets and leukocytes. 
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The usual procedures often employ pliable plastic bags which make it difficult to 
separate the blood fractions accurately. Consequently, improvements have been needed. 
The present invention is embodied in a new blood separation kit which provides a more 
convenient and efficient means for separating a patient's blood and in particular for 
5 recovering platelets. 

Summarv of the Invention 

The invention provides a single use system for separating blood and preferably for 
producing platelet concentrates (PC), hi one embodiment, the system is in the form of a 
syringe kit including disposable components supplied in sterile disposable packaging, and 

10 having all of the components required to draw blood from the patient, prevent blood 

coagulation, separate the sample into fractions including platelet concentrate, and deliver the 
platelet concentrate to a surgical site. More precise separation of the separated blood 
fractions is possible, compared to the results achieved with pliable plastic bags. Such a 
system will be useful to medical and dental practitioners. 

15 The invention may be generally described as including an elongated container, 

preferably cylindrical, which is adapted to be placed in a centrifuge for separating the 
fractions of blood introduced into the container. The container is equipped with a first port 
through which the blood fractions can be expelled by a plunger movably fitted within the 
container. The first port is located at a first end of the container and a second port is located 

20 on the movable plunger. Both ports are normally closed and they are opened fix>m outside 
the container as required for removal of blood flections. The plunger is equipped with a 
detachable hollow plunger rod adapted to open the second port when the plunger rod is 
attached to the plimger. A third port is mounted at the end of the plunger rod, the third port 
also is normally closed unless opened from outside the plunger rod. 

25 Li one embodiment of the invention, the container is in the form of a syringe barrel 

fitted with a moveable plunger. The syringe barrel is charged with a patient's blood and all of 
the centrifugal and separation steps are performed while the blood is in that container. The 
syringe barrel is adapted for use in a centrifuge, and has valves fitted at one end and within 
the plunger, making it possible to collect blood, centrifuge the blood in the syringe barrel, 

30 expel red blood cells after the first or soft spin, centrifuge the remaining platelet-rich plasma 
and expel platelet-poor plasma after the second or hard spin. The platelet concentrate 



wo 01/03756 



PCT/USOO/18553 



-3- 

remains in the syringe barrel, where it can be re-suspended in a medium or media that can be 
introduced into the container through one of the valves. 

In another embodiment, the container of the invention is given a Ahard@ spin, 
omitting the Asoft@ spin. Three fractions are formed, the first fraction, the red blood cells, 
5 is expelled through the first port, then the second fraction, platelet-poor plasma, is expelled 
through the second and third ports, leaving the third layer, consisting of platelets and plasma, 
for further processing. 

The separation of blood fractions may be carried out manually-after cen^^ 
whole blood in the container. Alternatively, the separation of blood fractions could be 
10 carried out automatically in centrifuge equipment having facilities for opening the ports after 
it has been determined that the desired separation has been made. 

Associated with the container preferably will be a needle assembly for drawing a 
patient's blood and which is adapted to transfer the blood into the syringe container directly 
or into a separate container for subsequent transfer into the syringe container. One or more 
IS waste bags adapted to receive platelet-poor plasma and red blood cells from the syringe 
cylinder after the soft and hard spins may be part of the syringe kit. 
Brief Description of the Drawings 

FIG. 1 is an isometric view of a elongated syringe container and associated 
components. 

20 FIG. 2 is a longitudinal section through FIG. 1. 

FIG. 3 shows a blood-collector needle. 
FIG. 4 shows a waste bag. 

FIGS. 5a through 5e show use of the syringe embodiment to prepare platelet 
concentrate. 

25 Description of the Illustrative Embodiments 

The figures illustrate a syringe embodiment of the invention adapted for manual 
handling in separation of blood fractions. Blood drawn from a patient is introduced into a 
syringe, the syringe is placed in a centrifuge and spun at the appropriate speed for a suitable 
period of time to cause the blood to be separated into at least two fractions. Alternatively, 

30 the separation may be automated and the blood fi^ctions separated without manual handling 
of the syringe container. 
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FIG. 1 shows an elongated container 10, bearing graduated marks 12 to indicate the 
volume of its contents (not shown). The container has a first pprt, shown in the drawing as 
including a spring-loaded ball seat valve 14, at a first end 16 and a radially-extending flange 
1 g at its other end. A plunger 20 fits slidably within the container and prevents blood firom 
5 passing between the wall of the container and the plunger. The plunger has a through 

passage 22 fitted as a second port, also shown as a spring-loaded ball seat valve 24 (FIG. 2). 
The valve 24 could be omitted if desired, in which case, it would be necessary to temporarily 
seal the opening while the container is being centrifuged to separate the blood fi-actions. A 
tubular plunger rod 26 is adapted at one end 28 to engage the spring-loaded ball seat valve 

10 24. The plunger rod has another spring-loaded ball seat valve 30 at its other end remote firom 
the plunger. The valves 14, 24 and 30 may have a ALuer@ fitting, which has a coupling 15, 
25 and 31, respectively, for removably connecting to another article (for example, a hose). 
This type of valve is normally closed when nothing is connected to its coupling, and the 
valve can be opened when the protruding feature of a mating connector forces the ball away 

15 fi-om the valve seat. If should be understood that the valves need not be the spring-loaded 
ball seat valves shown in the drawings, but may be other types capable of preventing the 
escape of the blood components and of being opened when needed, for example a valve in 
which a silicone plunger seals against a conical valve seat, the compression of which closes 
the valve until activated. More broadly, the ports may include other means for blocking flow 

20 of the blood components rather than the valves in the figures. 

The container 10 and associated parts of the kit, particularly the plunger 20 and 
plunger rod 26, differ fi-om conventional pliable plastic bags in being made of relatively stiff 
materials, for example polycarbonate, polypropylene, ABS or equivalents. It is an advantage 
of the present invention that, since the container walls are relatively rigid, the problems 

25 associated with separating blood flections in a pliable bag are avoided. Movmg the plunger 
within the container creates minimal disturbance of the separated blood layers, thereby 
enabling a more precise separation to be made. 

FIG. 3 shows a needle 32 for taking blood fi-om a patient connected to one end of a 
tube 34 which has at its other end a fitting 36 that is adapted to connect to any of the 

30 couplings 1 5, 25 or 3 1 . Thus, blood may be introduced directly into container 10 through 
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valve 14 or alternatively, blood may be directed to a separate bag for subsequent transfer into 
the container for separation. 

FIG. 4 shows a waste bag 40, typically but not necessarily a pliable plastic bag, 
connected to one end of a tube 42 which has at its other end a fitting 44 that is adapted to 

5 connect to any of the couplings 15, 25 or 3 1, thereby opening the associated valve. The tube 
42 is fitted with a tubing clamp 46. The container 10 and associated parts shown in FIGS. 1- 
4, inclusive, comprise the syringe kit of this embodiment of the invention. The container 10, 
shorn of associated parts (plunger rod 26,.needle 32 and tube 34, and waste bag 40 and tube 
42) may be adapted for fitting in a centrifuge bucket (not shown) and used to separate blood 

10 into its fractions and to prepare platelet concentrate, as is described with reference to FIGS. 
5a-5e, inclusive. 

In FIG. 5a, the plunger 20 is at the top of the container 10, near the flange 18, the 
needle 32 is connected to check valve 14, which is held open, the waste bag 40 is connected 
to the plunger check valve 24 holding that valve open, and the clamp 46 is open. The 

1 5 container may be empty or it may contain a small amount of a blood anti-coagulant. When 
the needle 32 draws blood firom a patient, the blood flows into the container under pressure 
fi-oni the patient, displacing air fi-om the container 10, which air is received in the waste bag 
40. When the container 10 is charged with blood, the waste bag 40 and needle 32 are 
decoupled fi^om the valves 14 and 24^ which are closed by the associated springs. 

20 Alternatively, the waste bag 40 is not used and instead, the plunger 20 inay be used to extract 
blood directly fi*om the patient in a manner similar to a conventional syringe. The container 
is subjected to a light spin in a centrifuge (not shown). As is shown in FIG. 5b, this step 
separates red blood cells (pRBC) firom platelet-rich plasma (PRP). In the next step, shown in 
FIG. 5c, the waste bag is connected to valve 14, and the plunger rod 26 is connected to the 

25 plunger via the valve 24. The valves 14 and 24 and the waste bag clamp 46 are all open, but 
the valve 30 at the firee end of the plunger rod is closed. The plimger rod 26 is used to push 
the plxmger into the container, expelling the red blood cells into the waste bag 40. The 
container now contains primarily platelet-rich plasma. The clamp 46 is closed, and the 
plimger rod and the waste bag 40 are decoupled firom the container, thus closing valves 14 

30 and 24. 
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The container 10, shorn of the bag and plunger rod, as shown in FIG. 5d, is next 
subjected to a hard spin, which concentrates platelets at the bottom end 16 of the container 
10, leaving platelet-poor plasma (PPP) above the platelet concentrate. The final step in the 
process, that of removing the platelet-poor plasma from the container, is illustrated in FIG. 
5 5e. The plunger rod 26 is again attached to the plunger 20, and the waste bag 40 is coupled 
to the free end of the plunger rod through the valve 30. The valves 24 and 30 and the clamp 
46 are all open, and the valve 14 is closed. The plunger is driven toward the lower end 16 of 
the container, and the platelet^poor plasma is forced through the passageway in plunger rod 
26 and the tube 44 into the waste bag. The clamp 46 is then closed, and the waste bag 40 
10 and, if desired, the plunger rod 26 may be removed from the container. With the waste bag 
removed, the plunger rod valve 30 will close, so failure to remove the plunger rod will not 
affect the contents of the container. The container 10 is now left with the platelet 
concentrate in it. 

The above description covers a simple manual operation in which the syringe kit is 
15 used in a particular manner to separate blood into three fractions by successive soft and hard 
spins. It is also feasible to use only one Ahard@ spin to separate the blood in a single step 
into three fractions (i.e., red blood cells, plasma and an intermediate layer containing 
platelets). The three fractions can be separated by expelling both the plasma and red blood 
cells separately or simultaneously, leaving the intermediate layer for further processing. 
20 Alternatively, such manual operations can be autornated. 

It should be understood that the syringe kit described above is a preferred 
embodiment, but that modifications may be made without departing from the scope of the 
invention as defined by the following claims. 
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WHAT IS CLAIMED IS: 

1 . A blood separation kit comprising: 

(a) an elongated hollow container having a first end and a second end and 
comprising a first port moimted at said first end for admitting liquid to or expelling liquid 

S from said container, said port being closed unless opened by a fitting attached to said port; 

(b) a plunger movably disposed within and engaging the walls of said 
container of (a), said plunger comprising 

(1) a passageway through said plunger communicating with the 
interior of said container of (a), and 

10 (2) a second port for expelling liquid mounted within said 

passageway of (b)(1), said port being closed unless opened by a fitting attached to said port; 
and 

(c) a plunger rod having a passageway therein and adapted to engage said 
plunger of (b), said plunger rod comprising 

IS (1 ) means for engaging said plunger to provide commimication 

with the inside of the container of (a) via the passageway in the plunger of (b) to tiie 
passageway in said plunger rod, 

(2) a third port for expelling liquid mounted at the end of said 
plunger rod opposite said means for engaging said plunger, said third port being closed 

20 unless opened by a fitting attached to said third port. 

2. A blood separation kit of Claim 1 , fiirther comprising: 

(d) a needle set comprising: 

(1) a hollow needle for taking a sample of a patient's blood; 

(2) a hollow tube attached to and communicating with said needle 
25 - for transferring said patient's blood to the container of (a); and 

(3) a fitting adapted to engage the first port of (a) and to open said 

first port. 

3. A blood separation kit of Claim 1 , fiuther comprising: 

(e) a waste bag having a hollow tube connected to and communicating 
30 with the interior of said bag for receiving separated blood fractions; 
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(f) a fitting adapted to engage the first and third ports (a) and (c)(2) 
respectively and to open said first and third ports; and 

(g) a clamp mounted on the tube of (e) for opening and closing the hollow 

tube of (e). 

5 4- A method of collecting and separating a patient's blood and recovering a 

platelet-rich concentrate comprising: 

(a) collecting the patient's blood using a needle set comprising a hollow 

needle having attached tubing and a fitting adapted to engage a first port in an elongated 

container fitted with a movable plimger having a second port therein; 
10 (b) transferring said blood through said first port into said elongated 

container; 

(c) centrifiiging said blood in said container and separating said blood 
into platelet-rich plasma and red blood cells; 

(d) displacing the red blood cells separated in (c) firom said container by 
IS moving said plxmger towards said first port and expelling said red blood cells into a waste 

bag through tubing attached to said first port; 

(e) removing said waste bag of (d) centrifiiging said platelet-rich plasma 
remaining in said container and separating a platelet-rich concentrate fi-om a platelet-poor 
plasma; 

20 (f) attaching a hollow plimger rod having a third port therein to said 

plunger and displacing the platelet-poor plasma separated in (e) fi-om said container by 
moving said plunger towards said first port and expelling said platelet-poor plasma through 
said second port of said plunger and said third port of said plunger rod into a waste bag 
attached to the plunger rod; and 

25 (g) recovering the platelet-rich concentrate separated in (e) and remaining 

in said container. 

5. A method of collecting and separating a patient's blood and recovering a 
platelet-rich concentrate comprising: 

(a) collecting the patient=s blood using a needle set comprising a hollow 
30 needle having attached tubing and a fitting adapted to engage a first port in an elongated 
container fitted with a movable plimger having a second port tiierein; 
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(b) transferring said blood through said first port into said elongated 

container; 

(c) centrifuging said blood in said container and separating said blood 
into platelet-poor plasma, red blood cells, and platelet-rich concentrate; 

(d) displacing the red blood cells separated in (c) from said container by 
moving said plunger towards said first port and expelling said red blood cells into a waste 
bag through tubing attached to said first port; 

(e) removing said waste bag of (d) and attaching a hollow plunger rod 
having a third port therein to said plunger and displacing the platelet-poor plasma separated 
in (c) from said container by moving said plunger toward said first port and expelling said 
platelet-poor plasma through said second port of said plunger and said third port of said 
plunger rod into a waste bag attached to the plunger rod; and 

(f) recovering the platelet-rich concentrate separated in (c) and remaining 
in said container. 

6. A blood separation kit of claim 1, wherein said first, second, and third ports 
comprise valves positioned to prevent expelling blood fractions during centrifrigation of 
blood in said container. 

7. A blood separation kit of claim 1, wherein said ports comprise Luer fittings. 
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FIG, 5a 



FIG. 5c 



INTERNATIONAL SEARCH REPORT 



Interns ^1 Application No 

PCT/US 00/18553 



A. CLASSinCATION OF SUBJECT MATTER , 

IPC 7 A61M1/36 B01L3/14 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. RELDS SEARCHED 



Mnimum documentation searched (classification system foQowed by classification symbols) 

IPC 7 A61M BOIL 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Bectiooic data base consulted during the international search (name of data tsase and, where practical, search terms used) 

EPO-Internal 



a DOCUMENTS CONSIDERED TO BE RELEVANT 



Categoiy * Citation of document, with indication, wfiere appropriate, of the relevant passages 



Relevant to claim Na 



DE 44 45 030 A (HERAEUS INSTR GMBH) 

27 June 1996 (1996-06-27) 

column 4, line 16 -column 5, line 49 
figures 1,2 

WO 91 17778 A (UNES AS) 

28 November 1991 (1991-11-28) 
abstract 

figure 1 

US 5 858 253 A (HOLM NIELS ERIK) 
12 January 1999 (1999-01-12) 
column 8, line 27 -column 11, line 12 
figures 1,19 



1.2,7 



1.2 



□ 



Further documents are listed in the continuation of box C. 



ID 



Patent family members are listed in annex. 



* Special categories of cited documents : 

'A' document defining the general state of the art which is not 

considered to be of particular relevance 
"E* earlier document but published on or after the international 

filihg date 

"L* document which may throw doubts on priority clatm(s) or 
wtiich ts cited to estatrfish the publication date of ano^er 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

*P* document published prior to the intematiorud filing date but 
later than the priority date claimed 



T* later document putslished after the international filing date 
or priority date and not in conflict with the application txjt 
cited to understand the principle or theory underiying the 
invention 

"X' document of particular relevance: the claimed Invention 
cannot be considered rwvel or cannot be considered to 
involve an inventive step when tiie document is taken alone 

•V document of particular relevarx;e: the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with or>e or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art 

*&' document member of the same patent family 



Date of the actual completion of the international search 



18 September 2000 



Date of mailing of the inteniational search report 



22/09/2000 



Name and mailing address of tiie ISA 

European Patent Office, P.B. 581 B Patentfaan 2 
NL-2280HV Rijswijk 
Tel. (-t^l-yO) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70) 340-<3016 



Authorized officer 



Schonleben, J 



Form PCTISASIO (saoond shoal) (July 19S2> 



INTERNATIONAL SEARCH REPORT 

it«.onnatlon on |>atent femlly members 



tntemt ^1 Application No 

PCT/US 00/18553 



Patent document 




Publication 




Patent family 




Publication 


cited in se&rch report 




date 




ineinber(s) 




dote 


DE 4445030 


A 


27-06-1996 


NONE 






WO 9117778 


A 


28-11-1991 


AT 


134883 


T 

1 


i5_03-i996 






AU 


645574 


R 

1^ 


20-01-1994 






AU 


7902291 


A 


10-12-1991 






CA 


2082960 


A 


19 XX X 77 X 






CN 


1056632 


A B 

M , D 


04-19-1991 

V/*T X^ JL77X 






CS 


9101416 


A 


19-02-1902 






DE 


69117750 


n 


1 1—04—1 QQfi 

11 UH 1770 






DE 


69117750 


T 
1 


WW V/7 177V 






DK 


528949 


T 
1 


22—07—1 QOfi 

U/ 1770 


... ...... . . 




EP 


0528949 


A 


ULOTU-J _1 77_o _ 






ES 


2084164 


T 
1 


Ul U9 l79v 






FI 


925171 


A 


1*^—1 1—1 002 

1«3 11 l77£ 






GR 


3019250 


T 
1 


'^O— Ofi— IQOfi 

jU UO l770 






HU 




A R 
M 9 D 


2R— OA— 1 OO^ 

C.O UH l77w 






IE 


73213 


D 
D 


07— 05;— 1 Q07 

U/ 113 177/ 






IL 


98076 


A 
M 


U3 1771 






JP 


2963539 


D 
D 


1 R— 1 n— 1 QQQ 

lO lU 1777 






KR 


156008 


B 


15-10-1998 






MX 


170505 


B 


26-08-1993 






NO 


177953 


D 
D 


lO U7 1 773 






NZ 


238111 


A 


97—04—1 QQ4 

C.t UH l7 7*t 






PT 


97666 


A R 


'^0— Ofi— 1QQ7 
oU UD l770 






SK 


279151 


R 
D 


Oft— 07— 1 QQR 

UO U/ 1770 






US 


5480378 


A 
rt 


09—01—1 QQfi 

Ul l770 






ZA 


9103638 


A 


2fi— 02— 1QQ2 

iL\J XJC. 177C 


US 5858253 


A 


12-01-1999 


US 


5603845 


A 


1 ft— 02— 1 QQ7 

lO U^ 177/ 






US 


6027655 


A 


22—02—2000 
u^ ^uuu 






US 


5776336 


A 


07-07—1 QOft 

U/ U/ l770 






US 


5741428 


A 


21— 04— 1 QOft 

^1 UH 1770 






US 


5792344 


A 


1 1— Oft— 1 QOft 

1 1 UO 1 770 






AU 


708820 


R 
D 


1 2-Oft— 1 000 

xC UO 1777 






AU 


6706698 


A 


09-07—1 00ft 

\JC \J f 1770 






AU 


688390 


R 
D 


1 2—0*^-1 00ft 

XC UO 1770 






AU 


7889794 


A 


2^-OR— 10QR 

C,D U3 1773 






BR 


9404484 


A 


-1 1 «07-l OOR 

XX U / 1 77«/ 






CA 


2136148 


A 


20-05-1005 

^U us 1773 






CN 


1108964 


A 8 


27-00-1995 

^/ X77w 






CZ 


9402806 


A 


13-12-1995 

lO IC 177s/ 






EP 


0654669 


A 


24-05-1995 

Vl^/ A77«/ 






FI 


945401 


A 


20-05-1995 






HU 


70365 


A B 


30-10-1995 






IL 


111524 


A 


15-06-1998 

X «/ X 






IL 


121003 


A 


16-08-1998 

Xv W X J ^ yj 






IL 


121004 


A 


16-08-1998 






JP 


7185393 


A 


25-07-1995 

^ V// X77<J 






NO 


944422 


A 


22-05-1995 






NZ 


264859 


A 


28-10-1996 






NZ 


299081 


A 


28-10-1996 






PL 


305907 


A 


29-05-1995 






RU 


2133468 


C 


20-07-1999 






SG 


49212 


A 


18-05-1998 






SK 


138394 


A 


07-06-1995 






ZA 


9408564 


A 


02-05-1995 





Form PCT/lSAr2lO (patant tandy annei4 (July 1992) 



